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potent inducer of type II collagen synthesis in chondrocytes, but we have
found that if the tubulin networks are disrupted, TGFb1-induced collagen
mRNA and protein synthesis is prevented. However, expression levels
of TGFb1 and TGFb1-receptor mRNA are signiﬁcantly elevated in these
cells. Our preliminary studies suggest the involvement of both the MAPK
family (enhanced phosphorylation of both p38 and ERK1/2) and SMAD
family members, but studies are ongoing to elucidate the mechanism(s)
involved.
Conclusions: We have shown that modulation of the cytoskeletal tubulin
elements dramatically affects chondrocyte biosynthesis. We are cur-
rently characterising the mechanism(s) involved in these matrix changes.
Clearly there is a strong link between the correct assembly/turnover of
the microtubule network and tissue homeostasis. These studies will aid
in elucidating the role of the chondrocyte cytoskeleton in signal trans-
duction and provide an insight into how abnormal distribution/amounts of
cytoskeletal proteins may contribute to pathologies such as osteoarthritis.
195 F-SPONDIN ENHANCES MINERALIZATION DURING
CHONDROCYTE TERMINAL DIFFERENTIATION AND
INHIBITS TIBIAL GROWTH EX VIVO
G. Palmer1, M. Attur1, A. Piton2, L. Thant2, S.B. Abramson1,
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Purpose: We have previously shown that F-spondin, a thrombospondin-
related extracellular matrix protein, is expressed in embryonic growth
plate cartilage and localizes to hypertrophic and mineralizing chondro-
cytes undergoing ossiﬁcation. In this study, we investigate the role of
F-spondin in endochondral ossiﬁcation by examining its effects on chon-
drocyte terminal differentiation and limb formation, ex vivo.
Methods: Tibial organ cultures: To assess the effect of F-spondin on tibial
growth, embryonic mouse tibia (day 15.5) were harvested and cultured
for 1 week in DMEM + 10% FBS supplemented with either recombinant
F-spondin (0.5mg/ml), a TSR-domain speciﬁc F-spondin antibody (R1),
or media only. Longitudinal length was measured daily, up to 1 week, and
limbs were stained for mineral and cartilage with alizarin red and alcian
blue respectively. In vitro chondrocyte differentiation: chondrocytes were
isolated from the cephalic portion of 14-day old embryonic chick sterna
and transfected with F-spondin cDNA using GenePorter transfection
reagent (Genlantis, San Diego, CA). The following day, cultures were
treated with 100 nM retinoic acid (RA) to induce terminal differentiation.
Differentiation was assessed by measuring alkaline phosphatase enzyme
activity (AP) after 5 days, and evaluating mineral deposition by Von Kossa
staining after 7 days.
Results: F-spondin treatment decreased longitudinal growth of tibia in or-
gan culture by ~8% compared to untreated controls. Similarly, F-spondin
inhibition, by antibody treatment, increased limb length by approximately
the same magnitude. Upon histological examination, all treatment groups
contained a central mineralized area identiﬁed by alizarin red staining,
however, within the F-spondin treated group this region extended toward
the epiphyseal regions, but remained cartilaginous (alcian blue positive)
within untreated controls. Based on these observations, we investigated
whether F-spondin regulates chondrocyte mineralization using an in vitro
model for chondrocyte terminal differentiation. Exposure of chick chon-
drocytes to RA (100 nM) induced AP activity and mineral deposition,
indicated by Von Kossa staining. Overexpression of F-spondin cDNA
augmented both RA-mediated induction of AP activity (4-fold; p< 0.05)
and mineral deposition compared to mock transfected cells. To determine
whether avb3 integrin is required for this promineralizing effect, we
measured AP activity in the presence of LM609, a blocking antibody
to avb3. In the presence of RA only, LM609 did not affect AP activity,
however F-spondin-mediated AP induction was decreased 40% (p< 0.05)
compared to control, indicating that this effect is mediated, in part, via
interaction with avb3 integrin.
Conclusions: F-spondin decreases tibial growth in organ culture and
enhances chondrocyte mineralization in vitro. We propose that, via
interaction with avb3 integrin, F-spondin regulates limb formation by
controlling chondrocyte mineralization within the growth plate.
196 DISRUPTION OF LIPID HOMEOSTASIS IN
CARTILAGE-SPECIFIC SITE-1 PROTEASE KNOCKOUT MICE
RESULTS IN ENDOPLASMIC RETICULUM STRESS AND
POOR CARTILAGE PRODUCTION
D. Patra, J. Bryan, X. Xing, L.J. Sandell. Washington University School
of Medicine, St. Louis, MO, USA
Purpose: Site-1 protease (S1P) plays an essential role in the regulated
processing of ER membrane-bound transcription factors SREBPs and
ATF6 to their free and active form. SREBPs are involved in cholesterol and
fatty acid homeostasis; ATF6 is involved in endoplasmic reticulum stress
signaling (ERSS). Cartilage-speciﬁc knockout of S1P in mice (S1Pcko)
results in poor cartilage with a drastic decrease of collagen type IIB (Col
IIB) in the matrix and consequent complete lack of endochondral bone for-
mation. Most of the Col IIB appears trapped inside the cell. Ultrastructural
analysis of the cartilage shows engorged and fragmented endoplasmic
reticulum (ER) characteristic of ER stress. The ER is important for protein
synthesis and folding. Maintenance of ER integrity and a cell’s ability to
respond to ER stress is important to its function. S1Pcko mice would be
expected to lack both active SREBPs and ATF6. The goal of this study is
to identify and analyze pathways related to ER stress and ERSS affected
by the absence of S1P in S1Pcko cartilage.
Methods: RNA was extracted from the cartilage of E16.5 S1Pcko and
wild type littermates followed by genome-wide expression proﬁling using
Illumina MouseWG-6 v2 Expression BeadChip which proﬁles 46,643
mouse transcripts. Statistically signiﬁcant differential gene expression
was analyzed using Partek Genomics Suite’s 2-way ANOVA analysis.
Ingenuity Pathway Analysis v6 was used to identify signiﬁcantly affected
biological pathways. The RNA was also used for RT-PCR conﬁrmation
of expression proﬁling. In situ hybridization and RT-PCR analysis was
performed for analyzing genes in ER stress signaling pathways.
Results: In adult mammalian cells, ER stress signaling involves coordi-
nating responses from three ER proteins, PERK, IRE1 and ATF6. PERK is
involved in the attenuation of translation which results in increased ATF4
activity in response to ER stress. Expression proﬁling shows that ATF4
is signiﬁcantly up-regulated in S1Pcko cartilage compared to wild type
indicating that the PERK pathway is intact. RT-PCR analysis of XBP1
splicing governed by IRE1 in response to ER stress is also normal in
S1Pcko cartilage. In addition, genome-wide expression proﬁling suggests
that ATF6 may be poorly expressed in embryonic mouse cartilage and
thus it may not play a role. These data suggest that in general ERSS
may function normally in S1Pcko cartilage. Expression proﬁling followed
by Ingenuity Pathway Analysis of statistically signiﬁcant differentially ex-
pressed genes demonstrate that pathways leading to lipid and cholesterol
synthesis which play a role in ER membrane integrity is down-regulated
in S1Pcko cartilage. This was further conﬁrmed for several genes by RT-
PCR analysis.
Conclusions: The ER is the site of fatty acid and cholesterol synthesis
and correct composition of fatty acids and sterols would be essential to
maintain ER membrane integrity and therefore its function. A chondrocyte
is a secretory cell and the ER its essential secretory apparatus and
therefore maintaining ER lipid composition would be critical. In S1Pcko
mice, ER stress signaling appears to function normally. However, the
down-regulation of fatty acid and cholesterol synthesis in S1Pcko mice
may lead to poor ER membrane integrity and therefore ER fragmentation
and engorgement presumably due to an inability to secrete Col IIB and
therefore ER stress. These data suggest that in embryonic cartilage S1P
is primarily involved in maintaining ER membrane integrity by upholding
lipid homeostasis and preventing ER stress. This study provides a link to
the importance of lipids in cartilage and bone development and should
be useful in cartilage diseases and tissue engineering.
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Purpose: Proinﬂammatory mediators, mechanical load as well as hypoxia
are known to be involved in the pathogenesis of osteoarthritis. All these
factors are important in the regulation of articular chondrocyte behaviour
during cartilage homeostasis and osteoarthritis. The aim of this work was
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to determine the effects of diacerein on Il-1b stimulated chondrocytes
under hypoxia conditions.
Methods: Articular chondrocytes were obtained from human os-
teoarthritic knees after enzymatic digestion. Cells were maintained un-
der hypoxia conditions (5% O2, 5% CO2) and stimulated with Il-1Beta
for 24 h with or without diacerein. NO production was analyzed using
the Griess reagent to measure Nitrite in culture medium. iNOS and
COX-2 expression was analyzed by confocal microscopy (Leica) after
cell immunestaining. Moreover, proliferation and apoptosis of cells in all
conditions were also investigated. Human knee cartilage explants were
also used in this study. Explants were treated for 24 h with Il-1Beta with
or without diacerein to analyze GAG release into the culture medium.
Results: Human articular chondrocytes cultured under low oxygen ten-
sion respond to Il-1beta by an increase on NO production, reﬂected by
nitrite increase in culture medium. In parallel, an increase on iNOS ex-
pression was also observed after stimulation with the cytokine. Moreover,
the percentage of apoptotic cells after Il-1Beta treatment was higher
than in control where few apoptotic cells were found. When cartilage
explants were treated with Il-1Beta, we observed an increase on GAG
release in culture medium, reﬂecting extracellular matrix degradation.
When diacerein was added to culture medium containing Il-1Beta, NO
production, iNOS expression and apoptosis was markedly inhibited.
Moreover, diacerein reduced GAG release from human cartilage explants
treated with Il-1b, reﬂecting an inhibition on matrix degradation. However,
no effect of diacerein on COX-2 expression was observed under our
experiments conditions. Furthermore, proliferation was no affected in all
conditions used.
Conclusions: Our results show that diacerein could reduce the pro-
catabolic effects of Il-1Beta on osteoarthritic chondrocytes cultured in
conditions mimicking their hypoxic in vivo environment. The results
could partly explain the anti-osteoarthritic properties of Diacerein and
its disease-modifying effects on OA cartilage.
198 MORPHOFUNCTIONAL CHANGES OF CHONDROCYTES
DURING OSTEOARTHRITIS ARE RELATED WITH THE
EXPRESSION OF MOLECULES INVOLVED IN THE
INFLAMMATORY PROCESS
M. Rojas-Ortega, M. Almonte-Becerril, R. Cruz, E.C. Gonzalez-Castillo,
M. Miranda, J.B. Kouri. CINVESTAV, IPN, Mexico City, MEXICO
Purpose: The aim of this study was to evaluate the molecular elements
involved in the phenotypic changes observed during osteoarthritis (OA)
progression in humans and rats.
Methods: The experimentally OA-induced model was accomplished by
unilateral knee menisectomy and post-surgery training; normal rats were
used as a control. Animals were sacriﬁced by CO2 overdose and right
femoral condyle was removed and processed for either electron mi-
croscopy (EM) or immunoﬂuorescence (IF). Cartilage samples from rats
with 1 to 5 training days (td) were used to evaluate ultrastructural changes
by EM. Moreover, cartilage from animals with 3, 6 and 10 td were analyzed
by IF for Fas, IFN-g, Il-1b, Il-6, Il-10, MMP3, MMP13, TGF-b1 TLR2, TLR4
and TNF-a. Programmed cell death was detected with TUNEL and IF for
caspase 3 and LC3II, in cartilage from rats with 20 and 45 td. At the
same time, development of ER and Golgi membranes was monitored
with the markers calnexin and 58k-9 respectively. Finally, cryosections
from human cartilage were stained with the raft marker cholera toxin B
subunit. Fluorescent signals were analyzed by confocal microscopy.
Results: Electron microscopy revealed changes in the superﬁcial zone
chondrocytes, where the cell phenotype changed from elongated to a
rounded shape. During the ﬁrst 5 td, chondrocytes developed prominent
ER with dilated cisterns and enhanced Golgi membranes. Expression
of the proinﬂammatory cytokines IL1-b, TNF-a and Il-6 began at 6 td,
in the superﬁcial zone and reached their highest levels at 10 td in all
the cartilage zones. TGF-b1 showed a similar proﬁle. In contrast, IFN-g
showed high levels at 6 td that decreased at 10 td. Expression of Il-10
remained without changes during the time-course of the experiment.
MMP-3, MMP-13, TLR2 and TLR4 raised their levels in a time dependent
manner in all cartilage zones. Cell death analysis, revealed expression of
molecules involved in both autophagy (LC3II) and apoptosis (TUNEL and
caspase 3) at 20 and 45 td. Expression of 58k-9 and calnexin in cartilage
from rats with 20 and 45 td were increased. Finally, in situ lipid rafts (LR)
were increased in OA cartilage compared with normal donors, in both
superﬁcial and medial zone chondrocytes.
Conclusions: Our results suggest that during OA progression chon-
drocytes undergo dramatic phenotypic changes and display signaling
transduction machinery capable of inducing its own morpho-functional
changes. In early OA, chondrocytes increase ER and Golgi in order
to synthesize proteins required for reparation of ECM. However, when
the repair capacity is overwhelmed, chondrocytes begin the synthesis of
catabolic molecules like Il-1b, Il-6, TNF-a, MMP3 and MMP-13 that stim-
ulate an inﬂammatory process and degradation of ECM. The expression
of catabolic proteins could be regulated via Fas or TLR activation. The
signaling activation could take place in LR, since, our results provides
evidence that in situ clustered LR are enhanced in OA cartilage. Fur-
thermore, the decrease of anti-inﬂammatory molecules in OA could be
involved in the beginning of the disease. Finally, when chondrocytes lost
their reparative capacity, execute its own cell death program that include
both autophagy and apoptosis.
200 THE RESPONSE OF THE PROTEOGLICAN TO DIFFERENT
MUSCLE STRETCHING PROTOCOLS
A.F. Renner, C.N. Dias, F.A. Vasilceac, A.A. Santos, S.M. Mattiello-Rosa.
Federal University of Sao Carlos, Sa˜o Carlos, BRAZIL
Purpose: To investigate the response of proteoglican to different muscle
stretching protocols.
Methods: Thirty male albino rats were divided into six groups: I im-
mobilized; IS7 immobilized and stretched seven days/week; IS3 immo-
bilized and stretched three days/week; S7 stretched seven days/week;
S3 stretched three days/week and C control. These groups were used in
this experiment. The I, IS3 and IS7 groups were immobilized for 4 weeks.
In the muscle stretching protocol, the treated ankle joint (groups IS3,
IS7, S3 and S7) was manually full dorsal ﬂexed 10 times for 60 s with
a 30 s interval between each 60 s period, 7 or 3 days a week for
3 weeks, to stretch the ankle plantar ﬂexor muscle group. The right
hind limb was free to move. At the end of the experiment, the ankles
were removed, processed in parafﬁn and stained with Safranin-O to
evaluate the proteoglican response. Two blinded observers evaluated the
Safranin-O staining, from treated and non-treated hind limbs using a light
microscope. To compare loss of safranin-o staining graduation among
groups it was used Kruscal Wallis and post hoc Newman Keuls statiscal
analysis.
Results: All the groups, except the group stretched for 7 days a week
presented proteoglican loss in the non-treated limbs compared to the
controls. The higher loss in the non-treated limbs was found in the
animals from groups immobilized and stretched for 3 and 7 days a week.
Concerning the treated hind limbs, all groups, except the group stretched
for 7 days a week presented proteoglican loss compared to the controls.
As well as the non treated limbs, the higher proteoglican loss was in the
immobilized and stretched for 3 and 7 days a week group.
Conclusions: According to the results of the present study, the articu-
lar cartilage is susceptible to proteoglican loss having different stimuli.
However, immobilization, different frequencies of stretching, overload in
the contralateral limb and immobilization followed by muscle stretching
caused different degrees of loss. The present muscle stretching protocol
applied after immobilization seems to be a trigger of harm to both limbs,
treated and contralateral when applied daily or on alternate days.
201 DEGRADATION OF OPTICIN, A MEMBER OF THE SMALL
LEUCINE-RICH REPEAT PROTEOGLYCANS FAMILY, BY
METALLOPROTEASES AND ADAMTS INVOLVED IN
OSTEOARTHRITIS
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Purpose: Osteoarthritis (OA) is the most common rheumatologic disease
involving cartilage alterations in both proteoglycans and the collagen
network. One of the proteoglycan families is the small leucine rich
proteoglycans (SLRPs). SLRPs are characterized by their association
with collagen ﬁbrils. Opticin is a glycoprotein and class III member of
the SLRP family, which was initially identiﬁed to be associated with the
collagen ﬁbrils of the vitreous humor of the eye. Recently, we showed
that opticin is present in human articular tissues, and that MMP-13,
the key metalloprotease involved in cartilage pathology, cleaves human
cartilage opticin. Here, we examined the ability of other human MMPs
and ADAMTS involved in OA pathology to cleave opticin and investigated
their patterns of degradation.
